
fturopai^ches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(H) EP 0 978 799 A2 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) 


Intel 1 : G06K 15/02 




09.02.2000 Bulletin 2000/06 




(21) 


Application number: 99306090.4 






(22) 


Date of filing: 30.07.1999 






[pi) 


Designated Contracting States: 


(72) 


Inventor: Nakata, Kazuhiro 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 




Ohta-ku, Tokyo (JP) 




MC NL PT SE 








Designated Extension States: 


(74) 


Representative: 




AL LT LV MK RO SI 




Beresford, Keith Denis Lewis et al 








BERESFORD & Co. 


(30) 


Priority: 03.08.1998 JP 21947798 




High Holborn 








2-5 Warwick Court 


(71) 


Applicant: CANON KABUSHIKI KAISHA 




London WC1R 5DJ (GB) 




Tokyo (JP) 







(54) Data processing method, data processing apparatus and image printing apparatus 



(57) Discloses a method of raising the printing 

speed of image printing means when time-division drive 
is performed. In time-division drive using four time 
divisions, image data is read out of the editing buffer 
of a RAM in regular order, in the form of a staircase, 
four dots at a time, and the image data is rearranged 
in the form of a staircase of eight dots in a print 
buffer within the same RAM. This makes it possible to 
transmit data from the RAM to a printhead one byte at a 
time in an efficient manner. 



21 
1 



«-8l7 REQrSTER 
4-BfT REGISTER 
4-etTREQtSTEfl 
4-&T REQSTEfl 



FIG. 5 



CONTROL CIRCUIT 



AD0RESS GENERATING OfiCXHT 



Otlf 1 1:<) 



< 
CD 

00 



o 

CL 
LU 



EP 0978799 Printed from Mimosa 



EP 0 978 799 A2 

Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a method of processing data that has been stored in a storage device, a data 
processing apparatus used upon being connected to a storage device, and an image printing apparatus in which such a 
data processing apparatus is built-in. 

[0002] Serial printers are in wide use as printers that can be constructed in small size and at low cost. Among 
the serial printers, ink-jet printers, in particular, have undergone remarkable development in recent years as 
printers capable of printing quietly and at high speed, and the capabilities of these printers have been enhanced. 
For example, in regard to printing speed, higher speed has been achieved by raising the scanning speed of the 
carriage that carries the printhead. Meanwhile, printing quality has been improved greatly by techniques such as 
raising the definition of images by improving image resolution. 

[0003] However, there is increasing demand to achieve even higher printing speed and printing quality at the 
same time, and this has led to certain problems that need to be solved. 

[0004] For example, a well-known technique for improving printing quality through higher resolution is to drive 
the nozzles of the printhead in time-division fashion. Specifically, the load on the power supply is alleviated by 
reducing the peak value of current needed to drive the printhead. In addition, by driving adjacent nozzles at 
different timings, vibration of the ink, within the printhead that accompanies jetting of the ink drops, is reduced, 
thereby improving the ink jetting characteristic of the printhead. When printing is performed utilizing this 
technique, there are instances where attainment of higher printing speed is hampered because data processing takes 
too much time. 

[0005] This problem will be described taking as an example an ink-jet printer which prints at 1440 dpi (in the 
horizontal direction). The printer has a ink-jet head on which 128 ink-jet nozzles are arrayed vertically at 
intervals of 1/360 of an inch, ink drops are jetted from the nozzles toward print paper while the ink-jet head is 
scanned horizontally relative to the print paper, thereby performing printing on the print paper. 

[0006] Fig. 2 is a timing chart representing the driving sequence of the printhead. Since time-division drive is 
performed based upon division by 4, the 128 nozzles of the printhead are driven at four timings. Adjacent nozzles 
are driven at different timings, and nozzles driven simultaneously are those of every other four dots. 
[0007] Since the serial printer drives the print head while causing it to travel along the print paper, any 
deviation in drive timing results in a deviation in the position of dots on the print paper. With the driving method 
shown in Fig. 2, the rows of dots are formed in the shape of a sawtooth because of the time difference resulting 
from time division. Therefore, in a case where a printhead is driven by time division, measurements need to be taken 
so that print deviation will not be caused by a time difference in drive timing. 

[0008] An example of a method of preventing print deviation involves arraying the nozzles obliquely, relative to 
the direction of transport, at an angle that corresponds to the printing deviation. 

[0009] Fig. 3A illustrates the 1st through 20th nozzles arrayed at an angle on the upper end of the printhead. 
Since the nozzles are thus arrayed, the printhead itself is mounted on the carriage at an incline of 3.58° with 
respect to a vertical line on the print paper. In other words, the printhead has an incline of 1/360 of an inch in 
the horizontal direction per 16 nozzles in the vertical direction. The carriage is scanned horizontally (to the right in 
Fig. 3A) relative to the print paper. 

[0010] Fig. 3B is a diagram showing a dot array formed on print paper by the driving sequence of Fig. 2 under 
these conditions. Since a deviation in drive timing resulting from time-division drive is canceled out by the 
inclination of the printhead, the dots that correspond to the 1st to 4th nozzles are arranged vertically. Further, 
the dots that correspond to the 5th to 8th nozzles are arranged vertically and spaced 1/1440 of an inch to the right 
of the above-mentioned dots. Because this ink-jet printer prints at 1440 dpi, the dots spaced to the right by 1/1440 
of an inch form a row of dots adjacent on the right side. The same holds true for the other nozzles, in which an 
adjacent row of dots spaced to the right by 1/1440 of an inch is formed every four nozzles. By driving the printhead 
one full cycle, therefore, dot rows in the form of a staircase are formed over 32 rows on the print paper. 
[0011] Fig. 4 is a diagram showing a data array in a print buffer. Since the print buffer stores print data 
immediately before it is output to the printhead, the buffer is an area provided in a RAM possessed by the printer. 
The area is capable of storing print data in the vertical direction equivalent to the size (128 dots) of the 
printhead and in the horizontal direction equivalent to the width of the print paper. Each rectangle bounded by the 
solid lines in Fig. 4 indicate one byte of print data. The rows of dots printed by driving the printhead one time 
have the shape of a staircase, as shown in Fig. 3B. Therefore, in a case where the data is transferred to the 
printhead from the print buffer, it is necessary to read the data out of the print buffer in staircase fashion, as 
indicated by the shaded portions in Fig. 4. 

[0012] The problem that arises here is than when data is read from and written to a RAM, inclusive of a print 
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buffer, one byte, i.e., eight bits, is the smallest unit in which reading and writing can take place. Accordingly, 
in order to read out the four bits from one of the shaded portions in Fig. 4, e.g., data K1, one byte of data that 
includes K1 must be read out. Consequently, in order to read out 128 bits of data from K1 to K32, it becomes 
necessary to read out data of twice the number of bits, namely 256 bits of data. Because of the processing for 
reading out of the excess data, an increase in printing speed is prevented. 

SUMMARY OF THE INVENTION 

[0013] Accordingly, an object of the present invention is to provide a data processing method and apparatus in 
which it is possible to raise the efficiency with which data is read out of a print buffer at the time of time- 
division drive, as well as an image printing apparatus capable of printing at high speed and resolution by using 
this data processing apparatus. 

[0014] According to the present invention, the foregoing object is attained by providing a data processing 
method for processing data stored in a print buffer within an image printing apparatus subjected to time-division 
drive, comprising a step of rearranging the data in such a manner that one word of data corresponding to a plurality 
of contiguous nozzles provided on a printhead of the image printing apparatus will become one row in the print buffer. 
[0015] Further, the present invention provides a data processing apparatus for processing data stored in a print 
buffer within an image printing apparatus subjected to time-division drive, wherein the data is rearranged in such a 
manner that one word of data corresponding to a plurality of contiguous nozzles provided on a printhead of the image 
printing apparatus will become one row in the print buffer. 

[0016] The data processing apparatus comprises first storage means for storing data of a plurality of words, and 
delay means for delaying an amount of data that corresponds to a whole-number multiple of a number of time divisions 
employed in time-division drive, the delayed data being from the data that has been read out of the first storage means. 
[0017] Preferably, storage means for a horizontal-to-vertical conversion is used as the first storage means. 
[0018] Further, the present invention provides an image printing apparatus subjected to time-division drive in 
which n represents the number of time divisions and one word is composed of m bits, comprising data processing 
means for storing contiguous 1-bit data in one row within a print buffer, the data being from data output by driving 
the apparatus one time and n-bit data corresponding to n-number of contiguous nozzles serving as one unit, wherethe 
lowest common multiple of n and m is 1. 

[0019] Further, the present invention provides an image printing apparatus for processing data in which one word 
consists of eight bits, comprising: printhead driving means for discharging ink from four contiguous nozzles of a 
printhead at different timings; a print buffer for outputting image data to the printhead driving means; and data 
transfer means for transferring data to the print buffer; said data transfer means rearranging sets of 4-bit data, 
each set of which corresponds to four contiguous nozzles of the printhead, in such a manner that two sets of data are 
rendered contiguous. 

[0020] Other features and advantages of the present invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, in which like reference characters designate the same or 
similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] 

Fig. 1 is a block diagram showing the principal circuit components of a printer according to a first embodiment 
of the present invention; 

Fig. 2 is a timing chart showing the driving sequence of a printhead; 

Figs. 3A, 3B are diagrams showing the relationship between an array of nozzles of a printhead and an array of 
printed dots; 

Fig. 4 is a diagram showing the array of data in a print buffer according to an example of the prior art; 

Fig. 5 is a block diagram showing the principal circuit components of a transfer circuit according to the first 
embodiment of the present invention; 

Fig. 6 is a timing chart showing the operation of a transfer circuit according to the first embodiment; 
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Figs. 7A to 7C are diagrams showing data arrays at a transfer source and transfer destination in the first 
embodiment; 

Fig. 8 is a diagram showing an array of data in a print buffer; 

5 

Figs. 9A, 9B are diagrams showing data arrays in a transverse-to-longitudinal conversion; 

Fig. 10 is a block diagram showing the principal circuit components of a transfer circuit according to the 
second embodiment of the present invention; and 

Fig. 11 is a timing chart showing the operation of a transfer circuit according to the second embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 [0022] Preferred embodiments of the present invention will now be described in detail with reference to the 
drawings. Unless it is specifically stated otherwise, the relative placement of components and numerical values such 
as resolution set forth in the embodiments do not impose a limitation upon the scope of the invention. 

2Q [First Embodiment] 

[0023] A printer serving as a first embodiment of an image printing apparatus according to the present invention 
will now be described. The printer of this embodiment is one which drives a printhead in accordance with the sequence 
illustrated in the timechart of Fig. 2, and the printhead is arranged as shown in Fig. 3(A) and forms dots in an 
array of the kind shown in Fig. 3B by a single driving cycle of the printhead. 
25 [0024] Fig. 1 is a block diagram showing the principal circuit components of a circuit for controlling the 
printer according to the first embodiment of the present invention. The arrangement of Fig. 1 includes a CPU 1, a 
ROM 2, a parallel interface (PIF) 3, a printer control integrated circuit (PC) 4, a RAM 5 and a printhead 6. The 
printer control IC 4 has a transfer circuit (TC) 7. 

[0025] The CPU 1, which controls the overall operation of the printer, incorporates a timer function and 
30 input/output ports in addition to a processor section for executing programs. The ROM 2 stores programs executed by 
the CPU 1 and various data necessary for control. The parallel interface 3, which is connected to a host system such 
as a computer, receives print data and commands. The printer control IC 4 controls the parallel interface 3, RAM 5 
and printhead 6 based upon commands from the CPU 1. The printer control IC 4 incorporates the transfer circuit 7. 
The RAM 5 is a dynamic RAM, in which 16 bits is the width of one pass. The RAM 5 is used to store received datan 
35 image data and the like. As shown in Fig. 3A, the printhead 6 is an ink-jet printhead on which 128 ink-jet nozzles 
are arrayed vertically at intervals of 1/360 of an inch. Ink drops are jetted from the nozzles toward print paper 
while the ink-jet head is scanned horizontally relative to the print paper, thereby performing printing on the print paper. 
[0026] Data that has been received by the parallel interface 3 is stored temporarily in a receive register 
within the printer control IC 4 and then is stored in a receive buffer area set up in the RAM 5. The CPU 1 checks to 
40 see whether or not data has been stored in the receive buffer and, if received data has been stored in the receive 
buffer, analyzes the received data. Image data that was created by expanding compressed data is stored by the CPU 1 
in an editing buffer area set up in the RAM 5. The transfer circuit 7 transfers the data in the editing buffer to a 
print buffer set up in the RAM 5. 

[0027] Fig. 5 is a block diagram showing the principal components of the transfer circuit 7. The transfer 
45 circuit 7 includes a 16-bit register 21, a 4-bit register 22, a transfer control circuit 23 and an address 
generating circuit 24. The 16-bit register 21 is expressed by being divided into 4-bit registers in order to make it 
easier to comprehend the flow of data. 

[0028] Sixteen-bit data that has been read out of the editing buffer in RAM 5 passes through the input buffer of 
the printer control IC 4 and is stored in the 16-bit register 21 as input data signals ID15 to ID0. The stored data 
50 is written to the print buffer in RAM 5, through the output buffer of the printer control IC 4, as output data 
signals OD15 to OD0. At this time data that has been stored in the 4-bit register 22 is output as the output signals 
OD15 to OD12. Initially all "0"s are stored in the 4-bit register 22. 

[0029] Of the data output from the 16-bit register 21, data corresponding to ID11 to ID8 is output as OD11 to 
OD8, data corresponding to ID15 to ID12 is output as OD7 to OD4, and data corresponding to ID3 to ID0 is output as 
55 OD3 to OD. When the writing of data to the print buffer is completed, the data corresponding to ID7 to ID4, which is 
among the data output by the 16-bit register 21, is stored in the 4-bit register 22. The above-described operation 
is controlled by the transfer control circuit 23. Addresses of the RAM 5 when data is read out and data is written 
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in are generated by the address generating circuit 24. 

[0030] Fig. 6 illustrates a timing chart for when the transfer circuit 7 transfers data. Here D15 to DO 

represent data signals of the RAM 5 t and ADDRESS represents an address signal. Further. R/WX represents a 
read/write signal, in which "1" signifies read-out and "0" signifies write. The RA/VX signal is converted to a signal, which 
is suited to control of the RAM 5, in a DRAM control circuit (not shown) within the printer control IC 4. In Fig. 6, 
A to H of the data signals are symbols of convenience assigned in 4-bit units to facilitate and understanding of the 
flow of data. 

[0031] When transfer starts, the transfer circuit outputs a transfer-origin address SA as an address signal and 
reads data A to D output of the editing buffer in RAM 5. A data transfer is performed simultaneously to transfer 16 
bits, i.e., two bytes, whereas addresses are provided in byte units. Data of an address SA+1, therefore, also is 
output at the same time. When read-out ends, the transfer circuit outputs a transfer-destination address DA as an 
address signal and writes the data to the print buffer in RAM 5. When a write operation is performed, data is 
written also to the address DA+1 simultaneously in a manner similar to that of read-out. At the time of the write 
operation, the "0" that was initially stored in the 4-bit register 22 is written as data D15 to D12. When writing 
ends, data is then read out of transfer-origin address SA+2 and data is written to transfer-destination address 
DA+2. At this time data C, which was read out at the time of the immediately preceding transfer and stored in the 4- 
bit register .22, is written as data D15 to D12. Thereafter, and in similar fashion, data transfer is performed a 
prescribed number of times. In other words, data transfer commensurate with the width of the paper is carried out. 
[0032] Fig. 7A illustrates a data array in the editing buffer of the transfer origin, Fig. 7B a data array in 

the print buffer of the transfer destination, and Fig. 7C the addresses of the respective buffers. One byte of data 
in the editing buffer signifies eight dots of image data vertically. Data obtained by rendering the eight dots of 
vertical image data continuous in the horizontal direction by an amount commensurate with the width of the paper 
makes up the editing buffer. When the data in the editing buffer is transferred to the print buffer by the transfer 
circuit 7, the upper four dots of data are shifted in their entirety one column to the right of the diagram through 
25 the operation described earlier. 

[0033] Data is output from the editing buffer in the array (see Fig. 4) stored in the conventional print buffer. 
However, by performing the above-described operation for 128 longitudinal dots, i.e., for 16 bytes, in regard to 
this output data, the data is stored in the print buffer in an array illustrated in Fig. 8. The shaded portions in 
Fig. 8 represent print data printed by driving the printhead one time. Of the data indicated by shading in Fig. 8, 
K1 and K2, for example, form one byte of data, and therefore this data can be read out at one time. In addition, 
data K3 and K4 and data K5 and K6 can also be read out simultaneously in the same manner. Since only data that 
takes part in printing is read out when the printhead is driven, reading out 128 bits of data suffices in order to 
print 128 dots. 

[0034] Thus, the data is rearranged in such a manner that one word of data corresponding to a plurality of 
contiguous nozzles provided on the printhead of the image printing apparatus becomes one row in the print buffer. As 
a result, it becomes possible to read data out of the print buffer more efficiently that in the prior art and 
printing speed can be increased. 

[0035] Further, with the construction of the embodiment described above, a register for 20 bits is sufficient 
and, hence, there is little influence upon the productivity of the apparatus. 
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[Second Embodiment] 



[0036] A second embodiment of the present invention is illustrated in Figs. 9A, 9B and Fig. 10. 
[0037] In the first embodiment an independent data transfer circuit is provided and the arrangement of data is 
performed between the editing buffer and the print buffer. In the second embodiment, however, data is rearranged by 
45 improving a horizontal-to-vertical conversion circuit. The horizontal-to-vertical conversion and the method of 
improvement will now be described. 

[0038] In a case where a host computer outputs image data to a printer, often the data is output in a raster 
format expressed by rows of dots in the horizontal direction. In a serial printer, on the other hand, the printing 
elements, e.g., ink-jet nozzles, of the printhead are arrayed in the vertical direction. Consequently, it is 

50 necessary eventually to process the image data as data arrayed in the vertical direction. In a serial printer, 
therefore, processing referred to as a ho rizontal-to- vertical conversion often is executed. More specifically, the 
method generally employed includes providing a register having N dots in the horizontal direction and M dots in the 
vertical direction, reading data that is data arrayed in the horizontal direction out of N x M dots of memory, 
storing the data temporarily in the register and controlling the sequence of data read-out from the register, 

55 thereby writing the data to the memory as data arrayed in the vertical direction. 

[0039] Figs. 9A t 9B are diagrams useful in describing a horizontal-to-vertica! conversion of 16 dots (horizontal 
direction) * 8 dots (vertical direction). Sixteen dots of data at the transfer source shown in Fig. 9A are read out of 
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transfer-source addresses SA and SA+1 as two bytes of data R1 and written to a horizontal-to-vertical conversion 
register in the printer control IC. Next, R2, which is data one line below R1, is read out of transfer-source addresses 
SA+H and SA+H+1. Since addresses storing data are contiguous in the horizontal direction in the case of raster data, 
the addresses of the data of the underlying line are spaced away by H, which corresponds to the width of the print 
paper. By thenceforth reading out data up to R8 in the same manner, the data of 16 dots (horizontal direction) x 8 dots 
(vertical direction) is stored in the horizontal-to-vertical conversion register. Next, from the data thus stored, 
data C1, which corresponds to two columns, is written from the left to transfer-destination addresses DA and DA+1 as 
two bytes of data. By thenceforth writing data up to data C8 in the same manner, the addresses become as shown in 
Fig. 9B at the transfer destination, thereby completing the horizontal-to-vertical conversion of a block of data 
consisting of 16 dots (horizontal direction) x 8 dots (vertical direction). 

[0040] Fig. 10 is a block diagram showing the principal components of the transfer circuit improved in order to 
perform rearrangement of data at the same time as the horizontal-to-vertical conversion. 

[0041] The transfer circuit shown in Fig. 10 includes a 128-bit [16 dots (horizontal direction) x 8 dots (vertical 
direction)] horizontal-to-vertical conversion register 31, and a selector 32 for extracting data, which has been stored 
in the horizontal-to-vertical conversion register 31, as data arrayed in the vertical direction. The other 
functional blocks of this transfer circuit are the same as those of the transfer circuit described earlier in 
conjunction with Fig. 5. 

[0042] The operation of the transfer circuit according to this embodiment will now be described with reference 
to Fig. 11. 

[0043] Fig. 11 is a timing chart of the data transfer. Initially, 16-bit data R1 is read out of address SA (and 
SA+1) in the editing buffer area of the RAM and is stored in the horizontal-to-vertical conversion register 31. By 
reading out data up to data R8 in a similar manner, data of 16 dots (horizontal direction) x 8 dots (vertical direction) 
is prepared in the horizontal-to-vertical conversion register 31. Next, data C1 corresponding to two rows is 
selected from the left by the selector 32 and is written as 2-byte data to address DA (and DA+1) in the print buffer 
area of the RAM. Data is written up to data C8 in similar fashion. At this time the upper four dots of data are 
shifted in their entirety one column to the right in a manner similar to that of the first embodiment. Furthermore, 
by continuously applying the horizontal-to-vertical conversion to blocks [data of 16 dots (horizontal direction) x 8 dots 
(vertical direction)] adjacent one after the other on the right side, it is possible to shift the upper four dots of 
data one column to the right over the entirety of the data commensurate with the width of the paper. 
[0044] Thus, data that has been prepared in the print buffer can be read out efficiently, as a result of which 
it is possible to raise printing speed, as described in the first embodiment. Further, in the transfer circuit 
according to the second embodiment, circuitry required anew to supplement the horizontal-to-vertical conversion 
function provided in the prior art is merely the 4-bit register, etc. There is almost no risk of a decline in 
productivity. Furthermore, the rearrangement of data performed in this embodiment is carried out at the same time as 
the horizontal-to-vertical conversion. As a result it is unnecessary to transfer data anew and there is no increase 
in the amount of data processing. 



[Other Embodiment] 

[0045] In the foregoing embodiments, a case in which data is stored in a print buffer in a data array of the 
kind shown in Fig. 8 is described. However, the present invention is not limited to the data array of Fig. 8, for it 
will suffice if the array is such that data corresponding to a plurality of contiguous nozzles is arrayed in one row, 
with the number of bits being the smallest unit read from and written to the RAM. In the foregoing embodiments, one 
word is composed of eight bits, and therefore data of eight bits (e.g., K1 and K2) corresponding to eight contiguous 
nozzles is transferred so as to be arrayed in a single row. However, in a case where one wordJs composed- of 16 bits, 
it is necessary that data corresponding to 16 contiguous nozzles be transferred so as to be arrayed in a single row. 
[0046] Further, the number of time divisions used in time-division drive is not limited to four. If one word 
consists of m bits and the number of time divisions is n, and if the lowest common multiple of n and m is I, data 
can be read out of the print buffer efficiently if l-bit data is transferred to the print buffer so as to be 
arranged in a single row. 

[0047] High-density, high-definition printing can be achieved especially if these embodiments of the invention 
employ ink-jet printing technology using means (e.g., an electrothermal transducer or laser beam mechanism) for 
generating thermal energy as the energy utilized to discharge ink, wherein a change in the state of the ink is 
brought about by this thermal energy. 

[0048] With regard to a typical configuration and operating principle, it is preferred that the foregoing be 
achieved using the basic techniques disclosed in the specifications of USP 4,723,129 and 4,740,796. This scheme is 
applicable to both so-called on-demand-type and continuous-type apparatus. In the case of the on-demand type, at 
least one drive signal, which provides a sudden temperature rise that exceeds that for film boiling, is applied, in 
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accordance with printing information, to an electrothermal transducer arranged to correspond to a sheet or fluid 
passageway holding a fluid (ink). As a result, thermal energy is produced in the electrothermal transducer to bring 
about film boiling on the thermal working surface of the ink-jet head. Accordingly, air bubbles can be formed in the 
fluid (ink) in one-to-one correspondence with the drive signals. Due to growth and contraction of the air bubbles, 
the fluid (ink) is jetted via an orifice so as to form at least one droplet If the drive signal has the form of a 
pulse, growth and contraction of the air bubbles can be made to take place rapidly and in appropriate fashion. This 
is preferred since it will be possible to achieve fluid (ink) discharge exhibiting excellent response. 

[0049] Signals described in the specifications of USP 4,463,359 and 4,345,262 are suitable as drive pulses 
having this pulse shape. It should be noted that even better printing can be performed by employing the conditions 
described in the specification of USP 4,313,124, which discloses an invention relating to the rate of increase in the 
temperature of the above-mentioned thermal working surface. 

[0050] In addition to the combination of the orifice, fluid passageway and electrothermal transducer (in which 
the fluid passageway is linear or right-angled) disclosed as the construction of the print head in each of the above- 
mentioned specifications, an arrangement using the art described in the specifications of USP 4,558,333 and 4,459, 
600, which disclose elements disposed in an area in which the thermal working portion is curved, may be employed. 
Further, it is possible to adopt an arrangement based upon Japanese Patent Application Laid-Open No. 59-123670, 
which discloses a configuration having a common slot for the ink discharge portions of a plurality of electrothermal 
transducers, or Japanese Patent Application Laid-Open No. 59-138461, which discloses a configuration having 
openings made to correspond to the ink discharge portions, wherein the openings absorb pressure waves of thermal 
energy. 

[0051] As a print head of the full-line type having a length corresponding to the maximum width of the printing 
medium capable of being printed on by the printing apparatus, use can be made of an arrangement in which the length 
is satisfied by a combination of plural print heads of the kind disclosed in the foregoing specifications, or an 
arrangement in which print heads serve as a single integrally formed print head. 

[0052] The print head is not limited to one of the cartridge type, in which the print head itself is integrally 
provided with an ink tank. The print head may be of the replaceable tip-type, in which- the electrical connection to 
the apparatus proper and the supply of ink from the apparatus proper can be achieved by mounting the head on the 
apparatus proper. 

[0053] In order to make the printing operation much more stable, it is referred that the printing apparatus 
described above be additionally provided with print head recovery means and auxiliary means. Specific examples are 
print head capping means, cleaning means, pressurizing or suction means, preheating means comprising an 
electrothermal transducer, a heating element separate from this transducer or a combination of the transducer and 
the heating element, and a pre-discharge mode for performing a discharge of ink separate from a discharge for 
printing. These expedients are effective in achieving stable printing. 

[0054] The printing mode of the printing apparatus is not limited to a printing mode solely for the mainstream 
colors such as black. The apparatus adopted can be one equipped with at least one print head for a plurality of 
different colors or one full-color print head using mixed colors, through it is desired that this be achieved by a print head 
having an integrated structure or by a combination of a plurality of print heads. 

[0055] Further, the foregoing embodiments have been described on the assumption that ink is the fluid. The ink 
used may be one which solidifies at room temperature or lower, one which softens at room temperature or one which is 
a liquid at room temperature. In general, temperature control is performed in such a manner that ink viscosity will 
fall within a stable ink jetting range by adjusting the temperature of the ink itself so as to fall within a 
temperature range of no less than 30°C to no greater than 70°C. Accordingly, it will suffice to use an ink liquefied 
when the printing signal is applied. 

[0056] In order to positively prevent elevated temperature due to thermal energy by using this as the 
energy -for converting the ink from the solid state to the liquid state, or in order to prevent evaporation of the 
ink, it is permissible to use an ink which solidifies when left standing but which is liquefied by application of 
heat. In any case, ink which is liquefied for the first time by thermal energy, such as an ink liquefied by 
application of thermal energy conforming to a printing signal and jetted as a liquid ink, or ink which has already 
begun to solidify at the moment it reaches the printing medium, can be applied to the present invention. Such inks may 
be used in a form in which they oppose the electrothermal transducer in a state in which they are held as a liquid 
or solid in the recesses or through-holes of a porous sheet, as described in Japanese Patent Application Laid-Open 
Nos. 54-56847 and 60-71260. In the present invention, the most effective method of dealing with these inks is the 
above-described method of film boiling. 

[0057] The printing apparatus of the invention may take on the form of an apparatus that is an integral part of 
or separate from an image output terminal of information processing equipment such as a computer, a copier in 
combination with a reader or the like, or a facsimile machine having a transmitting/receiving function. 
[0058] The present invention can be applied to a system constituted by a plurality of devices (e.g., a host 
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computer, interface, reader, printer, etc.) or to an apparatus comprising a single device (e.g., a copier or 
facsimile machine, etc.). 

[0059] Furthermore, it goes without saying that the invention is applicable also to a case where the object of 
the invention is attained by supplying a storage medium storing the program codes of the software for performing the 
functions of the foregoing embodiments to a system or an apparatus, reading the program codes with a computer (e.g.. 
a CPU or MPU) of the system or apparatus from the storage medium, and then executing the program codes. 
[0060] In this case, the program codes read from the storage medium implement the novel functions of the 
invention, and the storage medium storing the program codes constitutes the invention. 

[0061] Further, the storage medium, such as a floppy disk, hard disk, optical disk, magneto-optical disk, CD-ROM, 
CD-R, magnetic tape, non-volatile type memory card or ROM can be used to provide the program codes. 
[0062] Furthermore, besides the case where the aforesaid functions according to the embodiments are 

implemented by executing the program codes read by a computer, it goes without saying that the present invention 
covers a case where an operating system or the like running on the computer performs a part of or the entire process 
in accordance with the designation of program codes and implements the functions according to the embodiments. 
[0063] It goes without saying that the present invention further covers a case where, after the program codes 
read from the storage medium are written in a function extension board inserted into the computer or in a memory 
provided in a function extension unit connected to the computer, a CPU or the like contained in the function 
extension board or function extension unit performs a part of or the entire process in accordance with the designation 
of program codes and implements the function of the above embodiments. 

[0064] In accordance with the embodiments described above, it is possible to array print data in a print buffer 
in a form suited to read-out by implementing a data processing method which shifts only a portion of transfer data 
to subsequent transfer data. Since data can be read out of the print buffer efficiently, it is possible to raise the 
printing speed of an image printing apparatus. 

[0065] Furthermore, in the present invention, a data rearranging function is combined with a horizontal-to- 
vertical conversion. As a result, it is possible to array print data in a print buffer in a form suited to read-out 
without inviting a decline in productivity due addition of new circurtry or an increase in amount of data processing 
due to transfer of data anew. 

[0066] As many apparently widely different embodiments of the present invention can be made without departing 
from the spirit and scope thereof, it is to be understood that the invention is not limited to the specific 
embodiments thereof except as defined in the appended claims. 

[0067] It will be appreciated that program code for implementing the function of the invention can be downloaded 
as a signal from the internet or other network. 

Claims 

1. A data processing method for processing data stored in a print buffer(5) in an image printing apparatus 
subjected to time-division drive, 

characterized in that the data is rearranged in such a manner that one or more address regions in the print 
buffer(5) are occupied with one word of data corresponding to a plurality of contiguous print elements provided 
on a printhead(6) of the image printing apparatus. 

2. A data processing apparatus for processing data stored in a print buffer(5) in an image printing apparatus 
subjected to time-division drive, 

characterized in that the data is rearranged in such a manner that one or more address regions in the print 
buffer(5) are occupied with one word of data corresponding to a plurality of contiguous print elements provided 
on a printhead(6)~of the image printing" apparatus. 

3. An image printing apparatus subjected to time-division drive in which n represents the number of time divisions 
and one word is composed of m bits, 

characterized in comprising: 

data processing means(7) for storing contiguous l-bit data (where the lowest common multiple of n and m is I) 
in one row within a print buffer(5), said data being from data output by driving the apparatus one time, wherein 
n-bit data corresponding to n-number of contiguous print elements serves as one unit. 

4. An image printing apparatus for processing data in which one word consists of eight bits, 

characterized in comprising: 

printhead driving means(4) for discharging ink from four contiguous print elements of a printhead(6) at 



Printed from Mimosa 



EP 0 978 799 A2 

different timings; 

a print buffer(5) for outputting image data to said printhead driving means(4); and 
data transfer means(7) for transferring data to said print buffer(5); 

said data transfer means(7) rearranging sets of 4-bit data, each set of which corresponds to four contiguous 
print elements of the printhead(6), in such a manner that two sets of data are rendered contiguous. 

An image printing apparatus subjected to time-division drive, comprising: storage means(5) for storing image 
data, and a printhead{6) for performing printing based upon the image data read out of said storage means 
characterized in further comprising: 
means(7) for packing image data, which will be printed by driving said printhead(6) one time, before the 
image data is transmitted to said printhead(6), the image data being packed in numbers of bits serving as units 
in which data is read from and written to said storage means. 

A method of controlling an image printing apparatus subjected to time-division drive and having storage means 
for storing image data and a printhead(6) for performing printing based upon the image data read out of said 
storage means, 

characterized in that an image data, which will be printed by driving said printhead(6) one time, is packed 
in numbers of bits serving as units in which data is read from and written to said storage means, before the 
image data is transmitted to said printhead(6). 

A computer-readable memory storing a control program for controlling an image printing apparatus subjected to 
time-division drive and having storage means for storing image data and a printhead(6) for performing printing 
based upon the image data read out of said storage means, 

characterized in that said control program is a program for packing image data, which will be printed by 
driving said printhead(6) one time, before the image data is transmitted to said printhead(6), the image data 
being packed in numbers of bits serving as units in which data is read from and written to said storage means. 

A data processing method for processing data stored in a print buffer(5) in an image printing apparatus which 
performs printing by causing a printhead(6) to scan, said printhead(6) having a plurality of print elements 
arrayed at predetermined angles with respect to the scanning direction of the printhead(6) and subjected to time- 
division drive, 

characterized in that the data is rearranged in such a manner that one or more address regions in the print 
buffer(5) are occupied with one word of data corresponding to a plurality of contiguous print elements provided 
on a printhead(6) of the image printing apparatus. 

A data processing apparatus for processing data stored in a print buffer(5) in an image printing apparatus which 
performs printing by causing a printhead(6) to scan, said printhead(6) having a plurality of print elements arrayed 
at predetermined angles with respect to the scanning direction of the printhead(6) and subjected to time-division 
drive, 

characterized in that the data is rearranged in such a manner that one or more address regions in the print 
buffer(5) are occupied with one word of data corresponding to a plurality of contiguous print elements provided 
on a printhead(6) of the image printing apparatus. 

0. The method according, to any one of claims 1, 2, 3, 4, 8, and 9, characterized in that said print element 
comprises a nozzle to discharge ink. 

1 . The apparatus according to claim 2 or 9, 

characterized in further comprising: 



first storage means(21) for storing data of a plurality of words; and 
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delay means(22) for delaying an amount of data that corresponds to a whole-number multiple of a number of 
time divisions employed in time-division drive, said delayed data being from the data that has been read out 
of said first storage means. 



2. The apparatus according to claim 11, characterized in that storage means (31) for a horizontal-to-vertical 
conversion is used as said first storage means. 

3. A data processing apparatus for processing image data for a serial printing apparatus having a printhead having 
a line of print elements arranged obliquely to a sub-scan direction, said serial printing apparatus being 
controlled such that drive signals are supplied cyclically to the print elements of the printhead in a time 
division manner to form a pattern of ink dots in a staggered line, 

said data processing apparatus comprising means for arranging the image data such that each word stores 
image data to be supplied in a single cycle to a plurality of contiguous print elements. 

4. A carrier, such as a computer-readable memory or a signal, carrying instructions for controlling a processor to 
process image data for a serial printing apparatus having a printhead having a line of print elements arranged 
obliquely to a sub-scan direction, said serial printing apparatus being controlled such that drive signals are 
supplied cyclically to the print elements of the printhead in a time division manner, such that each word stores 
image data to be supplied in a single cycle to a plurality of contiguous print elements. 
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